Background and Aims Enhanced availability of photosynthates increases nitrogen (N) mineralization and nitrification in the rhizosphere via rhizodeposition from plant roots. Under heterogeneous light conditions, photosynthates supplied by exposed ramets may promote N assimilation in the rhizosphere of shaded, connected ramets. This study was conducted to test this hypothesis.
INTRODUCTION
Clonal plants possess the capacity to share resources, such as carbohydrates, water and nutrients, among interconnected ramets (Zhang and He, 2009 ). This reciprocal translocation has been extensively investigated, and numerous studies have provided clear evidence of its ecological implications, such as allowing post-natal care for clonal offspring, acting as an efficient vehicle for resource extraction from heterogeneous environments, and provisioning internal support to damaged or stressed ramets (Marshall, 1997) . The resource sharing or translocation is termed clonal integration (Du et al., 2010) . Research showed that the survival, growth and vegetative reproduction of ramets were reduced after severing spacers (rhizomes or stolons) (Roiloa and Retuerto, 2007; Yu et al., 2008) . In comparison with co-occurring non-clonal plants, clonal integration increases the performance of clonal ramets (Herben, 2004) .
It is widely known that the rhizosphere is a zone of high microbial activity and turnover. Photosynthates released into soil by plant roots in the form of rhizodeposition are a major source of labile carbon, energy and structural material for soil microbes, shaping the microbial community composition in the rhizosphere (Yarwood et al., 2009) . The uptake and allocation of N is also affected by the availability of photosynthates in root material (Rogers et al., 2006) . Input of labile substrates may stimulate the depolymerization of nitrogen (N) from soil organic matter (SOM) by enhancing enzyme synthesis (Cheng and Kuzyakov, 2005) . Research has shown that disrupted root exudation decreases the availability of photosynthates, negatively affecting N mineralization and nitrification in the rhizosphere via rhizodeposition (Norton and Firestone, 1996; Koranda et al., 2011) . When grown in shade, ramets connected with an unshaded mother plant displayed higher area-based leaf N and chlorophyll content than severed ramets (Xu et al., 2010) . It is suggested that exposed ramets may supply photosynthates to shaded, connected ramets under heterogeneous light conditions, which promotes N assimilation in their rhizosphere. However, no study has been conducted to test this hypothesis.
The eco-physiological variables (e.g. potential maximum photosynthetic capacity or rate) are key traits to assess plant fitness and performance. Many studies across diverse taxa and environments have confirmed strong, positive correlation between leaf N content and photosynthetic rate (Reich et al., 1998; Wright et al., 2004) . Specifically, N allocation to the photosynthetic machinery has an important influence on photosynthetic capacity. An invasive species Buddleja davidii exhibited higher P max , V cmax and J max than other native species due to higher N allocation to the photosynthetic machinery (i.e. higher P C , P B , P L and P T ; Feng et al., 2007; see Table 1 for the list of abbreviations). Thus, increased leaf nitrogen allocation to the photosynthetic machinery (i.e. P C , P B , P L and P T ) may be more important for enhancing photosynthetic capacity (i.e. P max , V cmax and J max ) than total leaf N concentration. Clonal integration affects leaf properties of ramets such as N content (Saarinen and Haansuu, 2000; Saitoh et al., 2006) and chlorophyll content (Roiloa and Retuerto, 2006; . Determination of how clonal integration mediates ecophysiological properties will provide insight into the functional mechanisms of the ecological advantages of clonal plants. As far as we know, only one study has shown that increased leaf N and chlorophyll content in shaded, connected ramets of two clonal plants (Alternanthera philoxeroides and Phyla canescens) did not translate into enhance photosynthetic capability under shaded conditions (Xu et al., 2010) . How clonal integration influences photosynthetic capacity of ramets still remains poorly understood.
A pot experiment was conducted using Glechoma longituba clonal fragments subjected to heterogeneous light conditions. Mother ramets were grown in full sun, whereas offspring ramets were grown in 80 % shading. The stolon between two successive ramets was either severed or was left intact. We test the following hypotheses. Stolon connection (clonal integration) will cause different microbial community composition, higher extracellular enzyme activity, and a greater N mineralization and nitrification rate in the rhizophere of shaded, offspring ramets. In response to changes in the above-mentioned microbial processes and community composition, we predict that leaf N and chlorophyll content, N allocation to the photosynthetic machinery, and photosynthetic capacity will be significantly increased in the shaded, connected offspring ramets. According to the theory of the division of labour, N was translocated from shaded ramets to exposed ramets within individual clonal fragments under heterogeneous light conditions (Saitoh et al., 2006) . We predict that biomass accumulation will be significantly enhanced in the shaded, connected offspring ramets and whole clonal fragments if the stolon remains intact.
MATERIALS AND METHODS

Study species and experimental design
Glechoma longituba (Lamiaceae) is a stoloniferous perennial herb. A genet or fragment consists of many ramets connected by stolons. The axillary buds on the vertical stem may grow out and form stolons. The stolon usually takes root when in contact with moist sub-stratum, forming a sympodial network of stolons above-ground. The plant is generally found in forests, on roadsides or by creeks, and is distributed all over China except for the North-west (Liao et al., 2003) . On 1 June 2013, clonal fragments including two successive ramets of similar size were selected from the plant stock. For each clonal fragment, two ramets were planted separately in two adjacent plastic pots (10 cm in diameter, 8Á5 cm in height) filled with a 3:1 mixture of humus soil and sand. Plants were watered regularly with distilled water to prevent water stress. After 2 weeks of growth, offspring ramets were subjected to 80 % shading treatment and mother ramets were grown in full sun. The stolon between two successive ramets was severed or was left intact (Fig. 1) . Shading was imposed by placing a small shade cage covered with black cloth above the pot. The top of each pot was covered by mesh to avoid potential litter effects. Each treatment was replicated ten times and all treatments included the ten original plants. Owing to the relatively small percentage of the total soil volume that the rhizosphere occupies, the experimental procedure was repeated ten times to collect enough soil samples. The experiment lasted until 30 August 2013.
Photosynthetic parameters
Photosynthetic parameters were measured during the last week of growth with a portable photosynthesis system (LI-6400XT; Li-Cor, Lincloln, NE, USA). A fully expanded mature leaf from the shaded offspring ramets was selected for photosynthesis measurement.
Under a CO 2 pressure of 400 mmol mol
À1
, a light-response curve [net photosynthesis rate (P n )-photosynthetic photon flux density (PPFD) curve] was generated for each selected leaf at 25 C leaf temperature in the reference chamber. The PPFD was set to 12 levels between 0 and 2000 mmol m À2 s
. The P max was calculated according to the P n -PPFD curves which were fitted with a non-rectangular hyperbola model using the plotting software Origin (Origin Lab, USA) (Gomes et al., 2006; Sorrell et al., 2012) :
Where F was the apparent quantum efficiency, h was the convexity of the curve and R d was the dark respiration rate.
A steady-state response of P n to intercellular CO 2 pressure (P n -C i curve) was generated for each selected leaf at 25 C leaf temperature between 0900 and 1800 h. C i was set to 12 gradients between 0 and 1600 mmol mol À1 CO 2 . At each C i set point, photosynthetic parameters were recorded when gas exchange had equilibrated for 200 s with the above-mentioned portable photosynthesis system. A constant, saturating PPFD (1600 mmol m À2 s
) was supplied by mounted blue-red lightemitting diodes. The relative humidity of the air in the leaf chamber was held constant at 40 %. To calculate the parameters potentially limiting to photosynthesis, i.e. the maximum carboxylation rate of Rubisco (V cmax ) and ribulose bisphosphatase (RuBP) regeneration capacity mediated by the maximum electron transport rate (J max ), the P n -C i curves were fitted according to the following equation (Ethier and Livingston, 2004; Sharkey et al., 2007) :
V c and V o are the rates of carboxylation and oxygenation for Rubisco, respectively; W c , W j and W p are the net RuBP-saturated carboxylation rate, net RuBP-limited carboxylation rate and net inorganic phosphate-limited or triose phosphate utilization (TPU)-limited carboxylation rate, respectively. Frequently, W p will not be a limitation at any C i and so only two phases may be seen.
At high PPFD and low CO 2 concentration ( 250 mmol mol Each clonal fragment consists of a mother ramet and an offspring ramet. The offspring ramets were subjected to 80 % shade, and the mother ramets were exposed to full sun. The stolon between mother ramets and offspring ramets was left intact or was severed. Mesh was used to cover the top of each pot to avoid potential litter effects.
activation state and kinetic properties of Rubisco, and can be expressed by the following model:
where K c and K o were 404Á9 mmol mol À1 and 278Á4 mmol mol À1 at 25 C, respectively (Bernacchi et al., 2001) , and O ¼ 210 mmol mol À1 . At high PPFD and CO 2 concentration (>250 mmol mol À1 ), W j is limited solely by RuBP regeneration in the Calvin cycle. Simultaneously, W j is mediated by the rate of electron transport; so W j can be expressed as follows:
where J is the rate of electron transport and a is the efficiency of light energy conversion at an incident light.
Analysis of leaf harvesting and properties
When the experiment ended, the leaves used in measurement of photosynthetic parameters and the other zygomorphic leaves originating from the same ramets were detached to determine the projected area using a portable leaf area meter (LI-3100; Li-Cor). After that, entire clonal fragments were harvested, oven-dried at 60 C for 52 h and weighed with an analytic balance to calculate biomass accumulation and leaf mass area (LMA). The leaves for measurement of photosynthetic parameters were then finely ground to determine the N content with an elemental analyser (vario MACRO CUBE, Elementar Analysensysteme, Hanau, Germany). At the same time, the other zygomorphic leaves originating from the same ramets were selected to measure the absolute chlorophyll content using the dimethylsulphoxide (DMSO) chlorophyll extraction technique (Richardson et al., 2002) .
Leaf N allocation into the photosynthetic machinery such as P C , P B and P L was calculated according to the following equations (Niinemets and Tenhunen, 1997) :
where V cr and J mc were 20Á78 mmol CO 2 g À1 Rubisco s À1 and 155Á65 mmol electrons mmol À1 cytochrome f s À1 at 25 C, respectively; C B was 2Á15 mmol g À1 (Niinemets et al., 1998) . P T was calculated as the sum of P C , P B and P L (Feng et al., 2007) .
Soil sample collection and turnover of available soil N The soil closely attached to the roots (up to 2 mm around the root) was considered rhizosphere soil. Rhizosphere soil of shaded offspring ramets was sampled by the shaking root method (Riley and Barber, 1970) . Then, the rhizosphere soil was separated from roots by hand, sieved (<2 mm mesh) and stored at À20 C. To assess turnover of available soil N, mineralization of soil N was measured by a modified anaerobic incubation method (Carter and Gregorich, 1993a) . Briefly, a sample of 5 g of fieldmoist soil was placed into a 200 mL plastic bottle, and 10 mL of deionized water was added to the bottle to submerge the soil completely. The plastic bottle was sealed with an air-tight stopper to avoid evaporation of water during incubation, and was placed in a 40 C incubator for 7 d. At the beginning of the incubation experiment, pre-incubation soil was sampled to measure the initial concentrations of NH 
-N and NO
À 3 -N concentrations were measured separately by spectrophotometry using the ammonium indophenol blue method and the cadmium reduction method (Carter and Gregorich, 1993b) . All concentrations of NH (Ren et al., 2011) :
Extracellular enzyme activity assays
Two extracellular enzymes, b-1,4-N-acetylglucosaminidase (NAGase) and phenol oxidase (POXase), were involved in the depolymerization of N from SOM (Finzi et al., 2006) . The NAGase activity was assayed by a modified method (Ekenler and Tabatabai, 2002) . Briefly, fresh soil (1Á0 g) was placed into a 50 mL glass Erlenmeyer flask, and treated with 4 mL of 0Á1 M acetate buffer (pH 5Á5) and 1 mL of 10 mM p-nitrophenyl-Nacetyl-b-D-glucosaminide (pNP-NAG) as a substrate. The flask was stoppered, swirled and incubated at 37 C for 1 h. The suspension was treated with 0Á5 M CaCl 2 and NaOH to stop the reaction. The intensity of the yellow colour, caused by p-nitrophenyl (pNP) release, was measured colorimetrically. The NAGase activity was expressed as mg pNPg
The POXase activity was measured according to an improved procedure (Perucci et al., 2000) . Briefly, 1Á0 g of fresh soil was added to 3 mL of reagent solution (obtained by mixing 1Á5 mL of catechol solution with 1Á5 mL of proline solution) and 2 mL of phosphate buffer (0Á1 M, pH 6Á5). The suspension was swirled and incubated at 37
C for 1 h. The reaction was stopped by cooling and adding 5 mL of ethanol. The mixture was centrifuged at 4000 g at 4 C for 5 min. The absorbance of the supernatant fraction was determined at 525 nm. The POXase activity is expressed as mmol catechol oxidized (o-catechol) g À1 soil (d. wt) h
À1
.
Microbial community composition
The microbial community composition was assessed using phospholipid fatty acids (PLFAs) (Koranda et al., 2011) . Total lipids were extracted with a mixture of citrate buffer (0Á15 M, pH 4Á0 with NaOH), chloroform and methanol at a ratio of 0Á8:1:2 (v/v/v). Neutral lipids were separated from phospholipids on silica columns by elution with chloroform, acetone and methanol. Phospholipids were converted to fatty acid methyl esters (FAMEs) by alkaline methanolysis. After adding 100 mL of a solution of methyl-nonadecanoate (C19:0, 25 ng mL
À1
) as an internal standard, dried FAMEs were redissolved in C19:0 and analysed by capillary gas chromatography (6850N-GC System; Agilent Technologies, USA). Concentrations of single FAMEs were calculated using the internal standard peak as a reference.
We used the sum of the fatty acids i13:0,14:0, i14:0,15:0, i15:0, a15:0, 16:0, i16:0,17:0, i17:0, a17:0, cy17:0, cy19:0, 18:0, 16:1x7c, 16:1x5, cy19:0x9c and 10Me16:0 as an indicator of total bacteria (Vestal and White, 1989; Green and Scow, 2000; Rinnan et al., 2007; Kaiser et al., 2010; Chen et al., 2012) . Actinomycetes were indicated by 10Me18:0 (Vestal and White, 1989) . The biomarkers 18:1x9 and 18:2x6,9 are frequently used as fungal markers (Kaiser et al., 2010; Chen et al., 2012) .
Statistical analyses
One-way analyisis of variance (ANOVA) was used to investigate the effects of stolon connection or severing on the photosynthetic parameters (P max , V cmax and J max ), leaf properties (N A , N M , ACC a , ACC m , etc.), turnover rate of available soil N (N min and N nitri ), extracellular enzyme activity (NAGase and POXase) and microbial biomass in the shaded offspring ramets. Microbial community composition was assessed by a principal component analysis (PCA). Linear regression was run to explore the relationships between P max and leaf N allocation into the photosynthetic machinery (P T , P C , P B and P L ) in the shaded offspring ramets. Similarly, linear regression analysis was used to explore the relationships between biomass accumulation and P max in the shaded offspring ramets. Slopes of regression lines between connected and severed offspring ramets were compared by running one-way ANCOVA. Pearson's correlation analysis was used to assess the relevance among photosynthetic parameters and leaf properties in the shaded offspring ramets. Significance was set at the P 0Á05 level. All analyses were conducted with SPSS 20.0 software (SPSS, Chicago, IL, USA) and Origin 8.6 (Origin Lab, USA).
RESULTS
Microbial community composition
The microbial community composition in the rhizosphere of shaded offspring ramets was significantly affected by clonal integration (Fig. 2) . The total microbial biomass estimated by total PLFAs was significantly increased by clonal integration (Table 2) . Clonal integration had significant effects on the abundance of bacterial and fungal PLFAs but not on the abundance of actinomycete PLFAs ( Table 2) .
Turnover of available soil nitrogen and activity of extracellular enzymes
The N min and N nitri in the rhizosphere of shaded offspring ramets were significantly increased by clonal integration (Table 2) . N nitri accounted for only 17 % of N min in the rhizosphere of connected offspring ramets, compared with 28 % in the rhizosphere of severed offspring ramets. The NAGase activity in the rhizosphere of shaded offspring ramets was enhanced by clonal integration. Stolon severing decreased NAGase activity by 49 % but increased POXase activity by 47 % (Table 2) .
Leaf properties
The effects of clonal integration on area, mass-based leaf N and chlorophyll content were significant. Connected offspring ramets had higher N A , N M , ACC a and ACC m values (Table 3) . Leaf N allocation to the photosynthetic machinery, such as P T , P C and P B , was significantly increased by clonal integration, but P L was not (Table 3 ). In addition, clonal integration significantly increased LMA values in shaded, connected offspring ramets (Table 3) .
Photosynthetic parameters and growth performance
The values of P max , V cmax and J max were significantly greater for connected offspring ramets than for severed offspring ramets (Table 3 ). The P max was significantly greater for connected offspring ramets for than severed offspring ramets at the same value of P T , P C and P B (Fig. 3) . Additionally, P max , V cmax and J max were positively correlated with leaf N allocation to the photosynthetic machinery regardless of stolon connectivity with exposed mother ramets (Table 4) .
Biomass accumulation of shaded offspring ramets was positively correlated with P max , regardless of stolon connectivity (Fig. 4) . Clonal integration improved growth performance of shaded, connected offspring ramets and whole clonal fragments without any cost to exposed mother ramets when the stolon remained intact (Fig. 5) .
DISCUSSION
Clonal plants are capable of translocating photosynthates from exposed ramets to shaded ramets (van Kleunen and Stuefer, 1999). Clonal integration had a significant influence on microbial community composition in the rhizosphere of shaded, connected offspring ramets. The NAGase activity and turnover of available soil N (N min , N nitri ) in their rhizosphere were enhanced by clonal integration. Clonal integration also increased leaf N and chlorophyll content in shaded, connected offspring ramets. These results support the initial hypothesis that clonal integration could facilitate N assimilation in the rhizosphere of shaded, connected offspring ramets by translocation of photosynthates from exposed mother ramets. Clonal integration can alter the level of photosynthates of ramets and improve the photosynthetic capacity and efficiency of shaded, connected ramets Retuerto, 2005, 2006) . The photosynthetic capability of plants is influenced by leaf N content (Roiloa and Retuerto, 2005) . Specifically, high leaf N allocation to the photosynthetic machinery may be a major driver in enhancing photosynthetic capability (Feng, 2008) . In this study, connected offspring ramets invested more leaf N in the photosynthetic machinery and further displayed higher P max . Thus, clonal integration facilitated N assimilation and led to greater allocation of leaf N to the photosynthetic machinery, which could allow pre-acclimation to high-light conditions for shaded offspring ramets and promote opportunistic light capture (Feng et al., 2007; Barufi et al., 2011) . According to the theory of the division of labour, N from shaded offspring ramets could be translocated to exposed mother ramets under heterogeneous light conditions (Saitoh et al., 2006) . When the stolon retained intact, biomass accumulation of shaded, connected offspring ramets and whole clonal fragments was greater without any cost to exposed mother ramets in this study. A possible explanation is that N translocation from shaded ramets may contribute to optimization of net photosynthesis and maximization of carbon sequestration for whole clonal fragments under heterogeneous light conditions (Saitoh et al., 2006) . Thus, clonal integration may improve the N exploitation capacity of clonal plants, leading to an advantage over non-clonal competitors and enhancing their fitness in temporally and spatially heterogeneous habitats.
A previous study indicated that increased leaf N and chlorophyll content in shaded, connected ramets of two clonal plants (A. philoxeroides and P. canescens) did not translate to enhance photosynthetic capability under sub-optimal light conditions (Xu et al., 2010) . Increased leaf N and chlorophyll content as well as N allocation to the photosynthetic machinery (P T , P C and P B ) translated into enhanced photosynthetic capability (V cmax , J max and P max ) of shaded, connected offspring ramets in this study. It is suggested that the pattern of N use and photosynthetic light acclimation may be species specific.
The effects of the availability of photosynthates on microbial community composition in the rhizosphere are different in different species (Kaiser et al., 2010; Koranda et al., 2011; Chen et al., 2012) . In heterogeneous habitats, clonal integration may alter photosynthate supply in the rhizosphere of ramets. In this study, when the stolon retained intact, total microbial biomass, bacterial biomass and fungal biomass were significantly increased, with the exception of actinomycetes. This suggests that the effects of photosynthate availability on microbial community composition in the rhizosphere may also be species specific.
TABLE 2. The effects of stolon connectivity on (a) available N turnover and extracellular enzyme activity and (b) microbial biomass in the rhizosphere of shaded offspring ramets (a) Available N turnover and extracellular enzyme activity Shaded offspring ramets
Values are means 6 s.e., n ¼ 10. Means followed by the same superscript lower case letter are not significantly different at the P ¼ 0Á05 level. Abbreviations follow Table 1 . Microbial processes, such as extracellular enzyme activity (Kaiser et al., 2010) , N mineralization and nitrification (Koranda et al., 2011) , are mediated by soil micro-organisms in the rhizosphere. Two extracellular enzymes (NAGase and POXase) are involved in the depolymerization of N from SOM (Finzi et al., 2006) . NAGase activity has been shown to be highly correlated with fungal biomass (Miller et al., 1998) .
NAGase is also produced by bacteria and fungi (Parham and Deng, 2000) . Therefore, we tentatively conclude that increased bacterial and fungal biomass may enhance NAGase activity in our experiment if the stolon remains intact.
POXase is a lignolytic enzyme involved in the degradation of recalcitrant SOM and is produced by slow-growing specialist decomposers (mainly saprotrophic fungi) (Buée et al., 2009) . 
Potential maximum net photosynthetic rate (P max ) as a function of the P T , P C , P B and P L , respectively, for connected offspring ramets (solid lines) and severed offspring ramets (dashed lines), n ¼ 10. The lines fitted for connected and severed offspring ramets are significantly different in each plot (P < 0Á05), with stolon connectivity as the independent variable and the variable indicated by the abscissa as the covariate. A significant effect of stolon connectivity Â covariate interaction suggests different slopes between connected offspring and severed offspring ramets. Slope (6s.e.), r 2 and P-values are shown. 
Values are means 6 s.e., n ¼ 10. Means followed by the same superscript lower case letter are not significantly different at the P ¼ 0Á05 level. Abbreviations follow Table 1 .
Compared with mycorrhizal fungi, saprotrophic fungi are dominant in the litter layer and possess the ability to degrade SOM by releasing POXase (Buée et al., 2009) . Clonal integration facilitates growth of mycorrhizal fungi in the rhizosphere of shaded, connected offspring ramets (J-Li, unpubl. data). Thus, our results suggest that clonal integration reduces POXase activity in the rhizosphere of shaded, connected offspring ramets, which is consistent with the findings of previous studies (Kaiser et al., 2010; Koranda et al., 2011) . High photosynthate availability stimulates N mineralization and nitrification in the rhizosphere (Koranda et al., 2011) . Strong correlations between soil microbial biomass and N mineralization have been observed (Murphy et al., 1998) . NAGase activity could be used as an index of N mineralization in soil (Ekenler and Tabatabai, 2004) . NAGase activity was significantly correlated with N mineralization in soils of two longterm cropping systems in Iowa (Ekenler and Tabatabai, 2002) . Nitrogen mineralization and nitrification in the rhizosphere of shaded offspring ramets were significantly increased when the stolon remained intact. This may be explained by the increased microbial, bacterial and fungal biomass as well as the enhanced NAGase activity resulting from clonal integration.
A previous study has shown that N translocation from mother ramets can eliminate the light response of shaded, connected offspring ramets (Xu et al., 2010) . Conversely, our results suggest that clonal integration may promote the assimilation and uptake of N in shaded, connected offspring ramets and further alleviate their light response.
Plants can extensively modify their leaf properties and physiology to grow under different light conditions. The acclimation of P max to high light availability often involves the accumulation of rate-limiting photosynthetic proteins per unit leaf area. The enhancement of light-harvesting efficiency in low light occurs through increasing chlorophyll production per unit dry mass (Niinemets, 2007) . In this study, connected offspring ramets displayed higher LMA, N A , N M , ACC a and ACC m than severed ramets, which was similar to the findings in a previous study (Roiloa and Retuerto, 2005) . Photosynthetic parameters (P max , V cmax and J max ) were positively correlated with leaf properties (N A , ACC a , P T , P C , P B and LMA). This confirms the importance of greater N allocation to the photosynthetic machinery (Feng et al., 2007; Feng, 2008) .
This experiment represents a unique study on the effects of clonal integration on N assimilation of the rhizosphere, which has not been reported in empirical studies previously. It is Connected: slope = 0·00238 (0·00019), r 2 = 0·95, P < 0·001 Severed: slope = 0·00249 (0·00051), r 2 = 0·71, P < 0·001
P max (µmol m -2 s important to understand the mechanism by which how clonal integration improves the photosynthetic capacity and resource uptake capacity of clonal plants in heterogeneous environments. A wider range of species are needed to understand the generality of this pattern and to assess fully the ecological advantages afforded by these features.
